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Objective: Resistant strains of non-typeable Haemophilus influenzae (NTHi) are one of the 
principal causes of recurrent acute otitis media (otitis prone), rhinosinusitis, and pneumonia in 
young children. β-lactamase-nonproducing ampicillin-resistant (BLNAR) strains are particularly 
common in Japan, and β-lactamase-producing amoxicillin-clavulanate resistant (BLPACR) strains 
are now emerging. We investigated the nasopharyngeal carriage status of these resistant strains 
among children attending a same day care center during a 10-year period. 
Methods: From 1999 to 2008, we obtained nasopharyngeal swab specimens from young children 
attending a same day care center and examined the incidence of resistant strains of NTHi. 
Antimicrobial resistance of NTHi was identified based on PCR analysis of mutation of the 
penicillin binding protein (PBP) genes. Pulsed-field gel electrophoresis (PFGE) was performed to 
examine the clonal relationship of each resistant strain. 
Results: The prevalence of resistant strains of NTHi among the children attending this day care has 
significantly increased during the past 10 years and most of this day care children recently have 
resistant strains with PBP gene mutations in their nasopharynx. Genetically BLPACR (gBLPACR) 
strains have rapidly increased since 2007 and PFGE analysis demonstrated that all gBLPACR were 
clonally identical. This is the first report of apparent clonal dissemination of gBLPACR strains of 
NTHi occurring in a certain environment such as day care. 
Conclusions: The rapidly increasing prevalence of resistant strains, in particular gBLPACR, in this 
day care center may predict a high incidence of these resistant bacteria from clinical isolates in the 
near future and potential serious medical problems worldwide. 
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Non-typeable Haemophilus influenzae (NTHi) and Streptococcus pneumoniae (S. pneumoniae) are 
the principal causes of acute otitis media (AOM), pneumonia and meningitis in young children. 
Recently, rapid increases in β-lactamase-nonproducing ampicillin-resistant (BLNAR) strains of 
NTHi and a penicillin resistant (Pcr) strain of S. pneumoniae from respiratory tract specimens have 
been reported in Japan [1,2]. BLNAR strains of NTHi and Pcr S. pneumoniae are the principal causes 
of recurrent AOM (otitis prone) among young children, especially children attending day care. 
Over the past three decades, a rapid increase in Pcr S. pneumoniae has been reported in 
most areas of the world [3-5]. The high prevalence of Pcr S. pneumoniae has resulted in the limited 
use of penicillin for the empirical treatment of infectious diseases [6]. These penicillin-resistant 
bacteria are becoming less susceptible to other commonly prescribed oral anti-microbial drugs, 
including the extended spectrum cephalosporins [7,8]. A similar situation is now emerging among 
NTHi isolates from patients with respiratory tract infections (RTIs) [9]. In Japan, the BLNAR strains 
were not identified before 1984 then increased 23.1% to 37.8% from 1996 to 1999. BLNAR strains 
are particularly common in Japan and France. BLNAR strains evolved significantly during the past 
decade in some countries while oral cephalosporin antimicrobial agents were being commonly used 
for the treatment of RTIs, including AOM and sinusitis. The increase in the percentage of BLNAR 
strains has led to serious problems in the treatment of infectious disease in Japan. Furthermore, 
another group of resistant strains with combined mechanisms of altered penicillin binding proteins 
(PBPs) and TEM β-lactamase classified as β-lactamase-producing amoxicillin-clavulanate-resistant 
(BLPACR) strains are now emerging [10,11]. BLPACR strains have another resistant mechanism of 
β-lactamase producing in addition to the BLNAR resistance with PBP gene mutations. BLPACR are 
highly resistant to amoxicillin/clavulanate and other commonly prescribed oral anti-microbial drugs 
compared to BLNAR. The high prevalence of BLPACR represents potentially more serious clinical 
problems than BLNAR. 
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Children attending day care centers have more frequent episodes of otitis prone than those 
cared for at home [12-14]. Several lines of studies have shown that the incidence of nasopharyngeal 
carriage of resistant strains of S. pneumoniae and NTHi is high in children attending day care 
centers, and attendance at a day care center is a risk factor for otitis prone [15,16]. Previously, we 
described a strong relationship between exposure to other children in day care and nasopharyngeal 
carriage of Pcr S. pneumoniae among young children in Japan [1]. In addition to S. pneumoniae, the 
prevalence of nasopharyngeal carriage of other respiratory pathogens, such as NTHi and Moraxella 
catarrhalis, in children attending day care is also very high in Japan[1]. In contrast, the carriage rates 
of these pathogens from children who were healthy and cared for at home were much lower than 
those from day care children [1]. 
Recently, Ubukata et al. defined antimicrobial resistances of NTHi genetically based on the 
mutation status of the PBP genes [10]. BLPACR strains of NTHi were recently isolated and, at least 
for now, generally continue to be isolated at very low frequencies (0.04 to 2.5%) worldwide. 
The resistance patterns of these RTIs pathogens differ and may change dramatically over 
time. In the present study, to reveal the bacteriological change in the nasopharyngeal flora of 
healthy children, the carriage status of antibiotic resistant strains of NTHi were examined at the 
same day care center over a 10-year period. 
 
MATERIALS AND METHODS 
From 1999 to 2008, we obtained nasopharyngeal swab specimens once a year from children 
between 5 months and 3 years of age attending the same day care center during January to March in 
Kanazawa City, Japan. Each child was sampled only one time in each year. None of the participants 
in these studies showed any symptoms of RTIs or AOM on the day of the survey. Written informed 
consent was obtained from the parents of each child. If a parent refused to consent, the child was 
excluded from the study.  
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The parents completed a self-reporting questionnaire at the time of consent. The questionnaire 
included questions about previous hospitalization and the number of episodes of AOM, 
rhinosinusitis and pneumonia. The number of participants was 34 in 1999, 42 in 2000, 36 in 2005, 
35 in 2007 and 31 in 2008. Nasopharyngeal swab specimens for culture were obtained by trained 
investigators using aluminum shaft ear, nose and throat swabs inserted as far into the nose as 
possible, parallel to the roof of the mouth. Antimicrobial resistances of NTHi were identified based 
on polymerase chain reaction (PCR) analysis of mutation of the PBP genes as described by Ubukata 
et al. [10]. Four sets of primers were obtained from Wakunaga Pharmaceutical Co. (Hiroshima, 
Japan): P6 primers to amplify the P6 gene which encodes the P6 membrane protein specific for 
NTHi; TEM-1 primers to amplify a part of the blaTEM-1 gene; PBP3-S primers to identify an Asn 
526→Lys amino acid substitution in the ftsI gene; and PBP3-BLN primers to identify an 
ASN526→Lys and Ser385→Thr amino-acid substitution in the ftsI gene. On the basis of the 
PCR-based genotyping, the NTHi strains were classified into four genotypes: genetically 
β-lactamase-nonproducing ampicillin-susceptible strains (gBLNAS), without amino acid 
substitutions in the ftsI gene and β-lactamase gene; genetically BLNAR strains (gBLNAR), with an 
amino acid substitution in the ftsI gene but without the β-lactamase gene; genetically 
β-lactamase-producing ampicillin-resistant strains (gBLPAR), with the β-lactamase gene but 
without an amino acid substitution in the ftsI gene; and genetically BLPACR strains (gBLPACR), 
with β-lactamase gene and an amino acid substitution in the ftsI gene. In this study, we have 
designated PCR-based genotypes as gBLNAS, gBLNAR, gBLPAR and gBLPACR to distinguish 
them from the phenotypes, which are written without the introductory “g.” 
Pulsed-field gel electrophoresis (PFGE) was performed with all NTHi isolates obtained in 
2008 to examine the clonal relationship of each resistant strain. Association between variables was 
assayed using the chi-squared test and Fisher Exact Test, using the StatView computer software 




A total of 178 nasopharyngeal swab specimens from young children in the day care center were 
examined in this study. The mean age of the children was 20.4 months (1999), 25.1 months (2000), 
22.9 months (2005), 24.1 months (2007), and 25.1 months (2008). Most of the children entered this 
day care in April and we obtained nasopharyngeal swab specimens during January to March. These 
children have been in this day care at least nine months.  
Multiple pathogenic bacteria were cultured from the nasopharynx. The chief bacteria found in 
children attending day care were S.pneumoniae (148 strains, 83.1%), NTHi (155 strains, 87.1%) 
and MC (138 strains, 77.5%). Nasopharyngeal carriage of these specific respiratory pathogens in 
each year is listed in Table 1. In 1999, 26 strains (76.5%) of NTHi were isolated from the 
nasopharynx of 34 children attending the day care center. The carrier rates of NTHi were 39/42 
(92.9%) isolates in 2000, 34/35 (97.1%) isolates in 2007 and 29/31 (93.5%) in 2008. Recently, 
almost all young children attending this day care center were carriers of NTHi. The difference of 
carriage rates of NTHi was not statistically different in each year. 
The percentages of the resistant isolates for NTHi in each year are listed in Table 2. In 
1999, gBLNAR were identified in 6/26 (23.1%) NTHi isolates. The other 20/26 (76.9%) strains of 
NTHi were gBLNAS. None of the children showed AOM or RTIs symptoms on the day of the 
medical examination. In 2000, antibiotic resistance in NTHi isolates was 11/39 (28.3%) and 
resistant rate is almost same as 1999. In 2005, the carrier rate of gBLNAR had significantly 
increased to 21/27 (77.8%) NTHi isolates in the same day care center (p<0.05). In 2007, gBLNAR 
were identified in 6/34 (17.6%) of isolates. gBLPACR isolates of NTHi were initially identified in 
10/34 (29.4%) isolates in 2007. The total carrier rate of antibiotic resistance in NTHi was 16/34 
(47.1%) isolates. In 2008, the carrier rate of resistant strains (gBLNAR+gBLPACR) was 28/31 
(90.3%) children and the carrier rate of antibiotic resistance in NTHi was 28/29 (96.6%). The 
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incidence of gBLPACR significantly increased to 24/29 (82.8%) isolates (p<0.01) compared with 
that before 2005. In summary, the prevalence of gBLNAR among the children attending day care 
significantly increased from 1999-2000 to 2005. Furthermore, gBLPACR strains of NTHi have 
been rapidly increasing since 2007. As a result, the total carrier rate of all resistant strains of NTHi 
(gBLNAR and gBLPACR) in the children attending this day care center significantly increased 
during the past decade. Most of the children in this day care recently have resistant strains of NTHi, 
which had acquired PBP gene mutations, in their nasopharynx. 
PCR-based genotypes and MICs distributions. The MICs of gBLPACR, gBLNAR and 
gBLNAS for eight antimivrobial agents against are listed in Table 3. The MIC50s and MIC90s of 
amoxicillin/clavulanate and other β-lactams for resistant strains of NTHi were higher than those for 
gBLNAS isolates (Table 3). 
Genetic distribution of NTHi strains by PFGE. PFGE analysis classified the NTHi 
strains into five PFGE types. Although the PFGE patterns of gBLNAR and gBLNAS (total five 
strains) were classified into four different patterns, all of the gBLPACR (23 strains) were clonally 
identical and were different from the other strains of NTHi (Figure 1). Our PFGE results 
demonstrate the first evidence that the apparent clonal dissemination of gBLPACR of NTHi 
occurred in a certain environment such as day care. 
 
DISCUSSION 
In this study, we focused on resistant strains of NTHi isolated from the nasopharynx of young 
children attending day care and investigated clonal dissemination of gBLPACR. NTHi and S. 
pneumoniae are recognized as part of the normal nasopharyngeal flora in healthy children but 
remain a major cause of bacterial infections of the respiratory tract, such as pneumonia, 
rhinosinusitis, and AOM [1,17]. Hotomi et al demonstrated that the MIC50s of 
amoxicillin/clavulanate and cephalosporin for gBLNAR isolates were 4 to 64 times higher than 
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those for gBLNAS isolates[18]. PBP gene mutations of NTHi, identified by PCR, were related to 
antibiotic resistance. Intractable infections due to resistant strains of these pathogens have become a 
significant clinical problem worldwide. Single or occasional episodes of AOM are relatively easy to 
treat, but recurrent episodes of AOM (otitis prone) would represent an onerous burden for both 
child and caregiver. The high prevalence of BLNAR and Pcr S. pneumoniae in Japan is a serious 
problem and is thought to be the principal cause of otitis prone seen among young children. 
BLNAR isolates of NTHi were first reported in 1980 [19] and generally continue to be isolated at 
low frequencies in Western Europe and the USA [20-23]. However, recent surveillance studies have 
reported higher proportions of BLNAR isolates [10,11,17,24,25]. There have been reports from many 
countries such as Spain, France, Poland, India, Korea and Japan, in which 9.3%, 18.6%, 12.8%, 
14.4%, 29.3% and 13.9% to 65.1%, respectively, of NTHi isolates were BLNAR strains [2,11,24-29]. 
In Japan, this strain appeared in 1997 and increased rapidly among isolates from patients with RTIs, 
AOM and rhinosinusitis. The mechanism of resistance in the BLNAR strains involves decreased 
affinities of PBPs for β-lactam antibiotics[29]. In the present study, we have reported a high 
prevalence of resistant strains of NTHi among young children attending a single day care in Japan. 
The carrier rates of gBLNAR in the NTHi isolates increased from 23.1-28.2% in 1999-2000 to 
77.8% in 2005. The carrier rate of resistant strains (gBLNAR and gBLPACR) in the NTHi isolates 
was quite high (96.6%) in 2008. Furthermore, NTHi were isolated from about 95% of children 
attending this day care center recently and these carrier rates were much higher than those from 
clinical specimens [25,28-31]. Thus the carrier rate of resistant strains (gBLNAR and gBLPACR) of 
NTHi in children attending this day care center has been rapidly increasing during the past decade. 
Because day care attendance is a risk factor for upper RTIs and otitis prone, both the high 
prevalence of resistant strains in the isolates and the very high isolate rates of NTHi from healthy 
young children potentially pose significant clinical problems. 
The prevalence of resistance strains of NTHi varies in different countries but gBLPACR 
 10
strains of NTHi are isolated at very low frequencies around the world [11,31], except in Korea where 
its frequency is relatively high (8.3%) [27]. In Japan, β-lactamase-producing strains were identified 
in 2.5% of isolates and β-lactamase-producing strains with mutations in ftsl (gBLPACR) were 
identified in 0.3% of isolates [25]. The most important finding in the present study was that 
gBLPACR of NTHi were initially identified in 29.4% of subjects in 2007 and then this rate 
markedly increased to 82.8% in 2008. The present study is the first report to show that gBLPACR 
strains of NTHi are capable of spreading in a certain environment such as a day care center. 
Because gBLPACR of NTHi are resistant to amoxicillin/clavulanate and other commonly 
prescribed oral anti-microbial drugs, the high prevalence of gBLPACR will cause significant 
problems in the clinical setting of treating community-acquired infections, including pneumonia, 
AOM, and rhinosinusitis. 
Another important finding of the present study is that all gBLPACR isolates were clonally 
identical by PFGE analysis and were different from the other strains of NTHi. Our PFGE analysis 
revealed clonal spread of only one gBLPACR isolate with altered PBPs in this day care center. This 
represents the first evidence of the apparent clonal epidemic of gBLPACR of NTHi occurred. The 
contributions of clonality to the isolation of gBLPACR were not determined in previous studies. 
The present study demonstrated that gBLPACR of NTHi are capable of broad dissemination 
worldwide, similar to the gBLNAR. The clinical significance of gBLPACR of NTHi is as yet 
unknown. However, the MICs of amoxicillin-clavulanate for all gBLPACR in the present study 
were high (8 μg/ml). Furthermore, gBLPACR isolates are generally highly ampicillin resistant and 
show elevated levels of resistance to expanded and broad-spectrum cefalosporins compared to 
non-gBLPACR. The high prevalence of gBLPACR from the clinical isolates may cause more 
serious problems than gBLNAR for the treatment of patients with otitis prone, intractable RTIs and 
rhinosinusitis. The rapidly increasing prevalence of resistant strains of NTHi in this day care center 
may predict a high incidence of these resistant bacteria being isolated from clinical samples in the 
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near future and possible serious medical problems worldwide. 
 
CONCLUSIONS 
Most of the children attending this day care center recently had resistant strains of NTHi with PBP 
gene mutations in their nasopharynx. gBLPACR strains have rapidly increased since 2007. PFGE 
analysis demonstrated that all gBLPACR strains in 2008 were clonally identical. This represents the 
first report in the would about the apparent clonal dissemination of gBLPACR of NTHi occurred 
like an epidemic. Because BLPACR strains are generally multi-drug resistant, BLPACR strains are 
now emerging and clonal spread of BLPACR observed in this study might be an alarm of increasing 
more serious bacterial infectious diseases with NTHi in the future. 
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Table 1: Nasopharyngeal carriage of specific respiratory pathogens in children attending a day care. 
Almost all young children attending this day care center were carriers of SP and/or 
NTHi. 
Abbreviations: NTHi: non-typeable Haemophilus influenzae, SP; Streptococcus 
pneumoniae, MC; Moraxella catarrhalis 
 
Table 2: Nasopharyngeal carriage of NTHi in children attending a day care. Changes in resistance 
among NTHi strains, by year, as identified by PCR. The carrier rates of gBLPACR 
dramatically increased after 2007. 
Abbreviations: NTHi: non-typeable Haemophilus influenzae, gBLPACR; genetically 
β-lactamase-producing amoxicillin-clavulanate-resistant, gBLNAR; genetically 
β-lactamase-nonproducing ampicillin-resistant, gBLNAS; genetically 
β-lactamase-nonproducing ampicillin-susceptible 
 
Table 3: MIC distributions for eight antimicrobial agents against 24 isolates of gBLPACR (upper), 3 
isolates of gBLNAR (middle) and 2 isolates of gBLNAS (lower) in 2008. 
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Figure 1: PFGE analysis of NTHi isolates in 2008. All of the gBLPACR were clonally identical and 


















No. (%) of 
non- SP, NTHi 
1999 34 33 (97.1) 26 (76.5) 17 (50.0) 0 (0) 
2000 42 28 (66.7) 39 (92.9) 37 (88.1) 1 (2.4) 
2005 36 32 (88.9) 27 (75.0) 36 (100) 3 (8.3) 
2007 35 32 (91.4) 34 (97.1) 30 (85.7) 0 (0) 
2008 31 23 (74.2) 29 (93.5) 18 (58.1) 1 (3.2) 







Table 2. Nasopharyngeal carriage of NTHi in children attending day care. 
Changes in resistance among NTHi strains, by year, as identified by PCR. The carrier rate of gBLPACRwere 
dramatically increased since 2007.   
 
 












gBLPACR 0 0 0 10 (29.4) 24 (82.8) 
gBLNAR 6 (23.1) 11 (28.2) 21 (77.8) 6 (17.6) 3 (10.3) 
gBLNAS 20 (76.9) 28 (71.8) 6 (22.2) 18 (52.9) 2 (6.9) 





Table 3       
 MIC distributions for eight antimivrobial agents against 24 isolates of gBLPACR (upper), 3 isolates of gBLNAR (middle) and 2 isolates of gBLNAS 
(lower) in 2008. 
  
                       No. of isolates with MIC (ug/ml)                          
 
           MIC (ug/ml)  
 
PCR-based 
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